Introduction: The Montreal Cognitive Assessment (MoCA), scored from 0 to 30, is used as a screening tool for mild cognitive impairment (MCI). The current cutoff (26) may not be optimal among minorities. Methods: Data from the National Alzheimer's Coordinating Center Uniform Data Set March 2018 data freeze was used to calculate optimal cutoffs for detection of MCI and dementia by race/ethnic group and education. Results: Of the 3895 individuals included, 80.7% were non-Hispanic White, 15.0% were nonHispanic Black, and 4.2% were Hispanic. Optimal cutoffs for detection of MCI were 25 among non-Hispanic Whites, 24 among Hispanics, and 23 among non-Hispanic Blacks. Optimal cutoffs for detection of dementia were 19 among non-Hispanic Whites and 16 for both non-Hispanic Blacks and Hispanics. Lower educational attainment produced lower optimal cutoffs. Discussion: Our findings suggest cutoffs may need to be stratified by race/ethnicity and education to ensure detecting MCI from normal and MCI from dementia.
Introduction
Alzheimer's disease (AD), the most common form of dementia, affected approximately 5.5 million Americans in 2017; this number is projected to increase to as high as 16 million by 2050 [1] . Risk factors for AD include nonmodifiable factors, such as older age, family history, and the presence of the apolipoprotein E (APOE)-ε4 gene, and potentially modifiable risk factors, including low educational attainment, low socioeconomic status, hypertension, smoking, diabetes, depression, and low social and cognitive engagement [1] [2] [3] . Mild cognitive impairment (MCI), the stage between healthy cognitive aging and dementia, is defined as greater cognitive impairment than is expected for one's age [4, 5] . MCI can be used for early detection and prevention of progression to dementia. By diagnosing MCI, health care professionals can act to control cardiovascular risk factors, increase exercise, and initiate cognitive training; interventions that may reduce progression from MCI to AD [6] .
Racial/ethnic minorities are disproportionately at risk for dementia; African Americans and Hispanics are more likely to develop AD and other dementias than their non-Hispanic White counterparts [1, 7] likely because of differences in underlying risk factors [1, [7] [8] [9] . Measurement bias in the Montreal Cognitive Assessment (MoCA) and other screening tools might inflate rates among minorities [8] . This is a timely topic because the number of racial/ethnic minority group members has increased and will continue to increase in the United States [8] .
Among minority populations, educational attainment is a particularly important risk factor for dementia; individuals with fewer years of formal education have a greater risk for developing dementia [10] [11] [12] [13] . Educational attainment is also strongly associated with cognitive reserve [14] [15] [16] . The cognitive reserve theory states that individuals with more educational, occupational, and cognitive engagement are more resilient to damage to their brain, delaying the presentation of symptoms of dementia [14] [15] [16] . However, Manly et al. [17] found that literacy level, rather than years of education, better predicts cognitive decline regardless of race/ethnicity; literacy, and years of education are not concordant.
Estimates are that only half of individuals with AD have been diagnosed, and, of those diagnosed, only 33% are aware of their diagnosis [18] . Yet early detection of AD gives individuals time to express their wishes, build a care team, create advance health directives, make legal and financial arrangements, and enroll in clinical trials before their disease progresses to an advanced stage [18] . Early detection also helps physicians deliver better care and manage comorbid conditions that often occur with greater age [18] .
Screening is essential for early detection of MCI and AD. The MoCA was developed as a screening tool to distinguish between normal cognition and MCI [19] . Administered by a trained health professional, the MoCA takes approximately 10 minutes to complete and has items on orientation, attention, verbal memory, language, visuospatial function, and executive function [19] . Scored of 30 points, it has a onepoint educational adjustment (addition) for individuals with 12 years of education [19] . The MoCA has a high sensitivity for detection of MCI in patients who would score as normal on the Mini-Mental State Examination (MMSE), another widely used tool to assess cognitive impairment; using a cutoff of 26 for MCI the MoCA had a sensitivity of 90% whereas the MMSE had a sensitivity of 18% [19] . Although it is widely accepted that the MoCA is better than the MMSE for detection of MCI [19] [20] [21] , some studies suggest that the cutoff of 26 results in a high proportion of normal individuals being classified as cognitively impaired [22, 23] .
MoCA performance in minority groups has not been widely studied; most studies examining the MoCA and its subtests were limited to Caucasian samples. Studies that included minority participants found that the originally established cutoff of 26 may result in a high likelihood of classifying normal minority individuals as cognitively impaired [24] [25] [26] . For instance, using the recommended cutoff of 26, Sink et al. [26] found that over 90% of their cohort of African Americans with type 2 diabetes participating in the study of type 2 diabetes and cognitive function screened as "positive" for cognitive impairment. Rossetti et al. [25] found that about 80% of their cohort of community-dwelling African Americans fell below the threshold. These findings suggest a need to re-evaluate MoCA cutoff performance in minority populations.
In these analyses, we aim to identify race-specific optimal cutoff values of the MoCA when stratified by education and age, using clinician diagnosis as the gold standard. We hypothesize that minority groups will require lower cutoffs to distinguish between normal cognition and MCI or dementia, and further, between MCI and dementia. We also hypothesize that cutoffs will need to decrease as educational attainment decreases to ensure optimal MoCA performance.
Methods

Data source and participants
Data for these analyses come from the National Alzheimer's Coordinating Center (NACC), which maintains a database of information from Alzheimer's Disease Centers (ADCs). The data set used in these analyses, the uniform data set, includes subjects enrolled at ADCs since 2005 with a range of cognitive status, measured through neuropsychological tests and clinician assessment. Each ADC recruits subjects according to its own protocol; recruitment methods include clinician referral, self-referral by patients or family members, and/or active recruitment through community organizations [27] . Participants who completed a MoCA at their baseline visit, reported being non-Hispanic White, non-Hispanic Black, or Hispanic, reported their education, and had a baseline uniform data set visit that was conducted from March 2005 to March 2018 were included in these analyses (n 5 3895).
Measures
Race and ethnicity variables were combined to create a three-level race/ethnicity variable categorized as nonHispanic White, non-Hispanic Black, and Hispanic. The MoCA score was recorded as a continuous variable from 0 to 30. Clinician diagnosis was recorded as normal cognition, impaired, not MCI, MCI, or dementia. Only participants who were diagnosed as having normal cognition, MCI, or dementia were included in these analyses. We dropped those coded as impaired, not MCI, because of uncertainty over their diagnosis. Dementia encompassed multiple etiologic diagnoses including AD, Lewy body disease, frontotemporal lobar degeneration. Therefore, the term dementia will be used herein. Education was categorized as high school or less (12 years), college (13-16 years) , and more than college (.16 years). Because the suggested educational adjustment has been found to affect the validity of the MoCA and may not be appropriate in all groups [28] , we used raw MoCA scores for these analyses. We accounted for differences because of education by stratifying cutoffs by education within each racial/ethnic group. Age was categorized by decade of age ,50, 50 to 59, 60 to 69, 70 to 79, and 80.
Data analysis
Using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA), descriptive statistics were calculated for population characteristics including race/ethnicity, age, and education. Test measures including specificity, sensitivity, positive predictive value, and negative predictive value were calculated. The SAS 9.4 Receiver Operating Curve Plot (ROCPLOT) macro was used to calculate ideal cutoffs for the MoCA, using the Youden index, and to calculate corresponding areas under the ROC curve when (1) identifying MCI and (2) distinguishing between MCI and dementia, by race/ethnicity, when stratified by education. The Youden index, equal to the sensitivity plus specificity minus 1, is a valued way to summarize the performance of a diagnostic test [29, 30] . MedCalc was used to calculate confidence intervals for areas under the ROC curves and to generate bootstrapped confidence intervals for cutoffs using 100,000 iterations [31] .
Results
Of the 3895 participants, 80.7% were non-Hispanic White, 15.0% were non-Hispanic Black, and 4.2% were Hispanic; over half (56.8%) were female with an average age of 69.7 (range, 19-101; median, 70.0; interquartile range, 65.0-76.0) years. Most participants reported 13 to 16 years of education (43.8%) or .16 years of education (40.5%). Relatively few reported 12 years of education (15.7%). Over half of participants (62.5%), screened as cognitively impaired, with a MoCA score of ,26. Most participants had normal cognition as judged by a clinician (48.4%); the remaining had dementia (27.6%) or MCI (24.0%). Age, sex, years of education, clinician judged cognition, and MoCA score all significantly differed by race/ethnicity (Table 1) . MoCA scores were negatively skewed in both impaired and unimpaired groups, potentially driven by the individuals with fewer years of education.
Using the originally established cutoff score of 26 to detect MCI or dementia, the sensitivity of the MoCA was 89.5% in non-Hispanic Whites, 92.6% in non-Hispanic Blacks, and 94.6% in Hispanics. The specificity of the MoCA with the established cutoff was 74.3% in nonHispanic Whites, 40.3% in non-Hispanic Blacks, and 43.1% in Hispanics. Given these, the positive predictive value of the MoCA was 79.9% in non-Hispanic Whites, 52.0% in non-Hispanic Blacks, and 68.0% in Hispanics, and the negative predictive value of the MoCA was 86.1% in non-Hispanic Whites, 88.5% in non-Hispanic Blacks, and 86.1% in Hispanics (Table 2) . With this cutoff, 25.7% of non-Hispanic Whites, 59.7% of non-Hispanic Blacks, and 56.9% of Hispanics without clinician judged impairment screened as impaired on the MoCA (data not shown).
The Youden index was used to identify an optimal cutoff for detecting the presence of either MCI, among individuals who had normal cognition or MCI. Overall, 25 was the optimal cutoff for identifying either MCI (sensitivity 5 0.816, specificity 5 0.669). When stratified by race/ethnicity, identified cutoffs were 25 among non-Hispanic Whites, 23 among non-Hispanic Blacks, and Fig. S1 ). Further stratification by education identified a decrease in optimal MoCA cutoffs for detecting either MCI or AD among those with fewer years of education ( (Table 3 , Fig. 1 ). Table 3 includes confidence intervals for these calculated cutoffs. A few significant differences should be noted. The overall cutoff for non-Hispanic Whites is significantly different from the overall cutoff for non-Hispanic Blacks. Among non-Hispanic Whites, the cutoff for those with 12 years of education is significantly different for the cutoff for individuals with .16 years of education. Among nonHispanic Blacks, the cutoff for those with 12 years of education is significantly different from the cutoff for both individuals with 13 to 16 and .16 years of education. Finally, the cutoff for non-Hispanic Whites with 12 years of education is significantly different from the cutoff for non-Hispanic Blacks with 12 years of education.
Overall Supplementary Fig. S2 ). Further stratification by education identified a decrease in optimal MoCA cutoffs for distinguishing between MCI and dementia among those with fewer years of education (Table 4) . Among non-Hispanic Whites the optimal cutoff was 17 among those with 12 years of education, 19 among those with 12 to 16 years of education, and 20 among those with .12 years of education. Among non-Hispanic Blacks the optimal cutoff was 13 among those with 12 years of education, 17 among those with 12 to 16 years of education, and 19 among those with .12 years of education. Among Hispanics the optimal cutoff was 15 among those with 12 years of education, 16 among those with 12 to 16 years of education, and 19 among those with .12 years of education (Table 4 , Fig. 2) . Table 4 includes confidence intervals for these calculated cutoffs. A few significant differences should be noted. The overall cutoff for non-Hispanic Whites is significantly different from the overall cutoff for Table 3 Optimal MoCA cutoffs to distinguish between normal cognition and MCI by race/ethnicity and education level, among study participants; MoCA scores range from 0 to 30 and lower scores signify more impairment (n 5 2822) MoCA scoring rules adjust for 12 years of education, adding one point to the total score of individuals with 12 years of education. non-Hispanic Blacks. Among non-Hispanic Whites, the cutoff for those with 12 years of education is significantly different for the cutoff for individuals with .16 years of education. Among non-Hispanic Blacks, the cutoff for those with 12 years of education is significantly different from the cutoff for both individuals with 13 to 16 and .16 years of education. Finally, the cutoff for non-Hispanic Whites with 12 years of education is significantly different from the cutoff for non-Hispanic Blacks with 12 years of education.
We considered stratifying cutoffs by age, in addition to race/ethnicity and education; however, in the non-Hispanic Black and Hispanic groups the cell counts became too small. Average MoCA scores mostly increased as years of education increased and decreased as age increased in all three groups (Tables S1-S3).
Discussion
We found that the MoCA had different optimal cutoffs among different racial/ethnic minorities. These cutoffs were lower than the standardized cutoff and lowered as years of education decreased. Although the original article establishing the cutoff of 26 had almost 300 participants [19] , we established these differing cutoffs using a highly regarded national sample of almost 4000 individuals. Uniquely, the NACC database includes clinical diagnosis and MoCA scores for both affected individuals and normal control subjects. This allowed us to calculate cutoffs that maximized sensitivity and specificity to delineate among health aging, MCI and, dementia.
Overall, and consistent with previous findings, we identified 25 as the optimal cutoff for detecting MCI among the total sample. A Cochrane review from 2015 concluded that it is likely that cutoffs ,26 would be more useful for correctly identifying MCI or AD [32] . A few studies have found a lower optimal cutoff would be more specific and sensitive. Luis et al. [23] administered the MoCA to communitydwelling older adults in the Southeastern United States; the MoCA had much better sensitivity and specificity (96% and 95%, respectively) to identify cognitive impairment versus normal cognition with a lower cutoff of 23 compared with the recommended cutoff of 26 (97% and 35%, respectively) [19] . Moreover, a systematic review by Carson et al. [22] found that lowering the MoCA cutoff to 23 reduces the false-positive rate. Although we too found a lower cutoff performed better than the recommended 26, our findings can be contrasted with these team's finding because we additionally stratified scores by race/ethnicity and education. This stratification resulted in a need for even lower cutoff values. When stratifying by race/ethnicity, we found the optimal cutoff value should be lower among minority groups. The optimal cutoff for MCI remained 25 among Whites; however, sensitivity and specificity was maximized when the cutoffs were lowered to 23 among non-Hispanic Blacks and 24 among Hispanics. Previous literature has found that using lower cutoffs of the MoCA would be beneficial in African American populations by improving diagnostic accuracy [24] [25] [26] ; however, there is little evidence on what the cutoffs should be. The literature that does include Hispanic populations has found that minorities performed more poorly on the MoCA compared with their White counterparts, and found that Hispanics scored the lowest on the MoCA among all groups measured [33] . These observed differences may be because of a lack of cultural equivalence of test items or because of differential variability in the MoCA score by race/ethnicity. African Americans have previously been found to perform worse on majority-normed cognitive tests compared with their White counterparts, making race-specific data crucial for clinical assessments [34] .
When we further stratified by education within each racial/ethnic group, we found different optimal cutoffs for MCI and dementia. Within each racial/ethnic group, the cutoff decreased as years of education decreased. This is to be expected, especially because the MoCA developers recommend an educational adjustment. These patterns were also consistent when distinguishing between MCI and dementia. The observed differences in optimal cutoff when stratifying by race/ethnicity and education level may be attributable to differences in education, socioeconomic status, and comorbid medical conditions, all of which are risk factors for dementia [2, 3, 18] and all of which may be reflected in the education variable. However, it is important to note that although we observed a strong racial difference in optimal cutoffs, non-Hispanic Blacks included in the NACC sample were diagnosed as cognitively normal by a clinician more frequently than their non-Hispanic White and Hispanic counterparts (58.9% vs. 46.7% and 43.9%, respectively).
Furthermore, the MoCA adds a one-point education adjustment for individuals who have 12 years of education; however, our results suggest that the one-point educational adjustment may not be adequate when considering differences in test performance because of years of education. We observed that not only do optimal cutoffs differ between those with 12 years of education and those with .12 years of education, but also between those with 13 to 16 years of education and .16 years of education. This was particularly evident among non-Hispanic Blacks; when distinguishing between normal cognition and MCI, the cutoffs for the overall group and those with 12 years of education significantly differed by four points. The cutoffs for those with 12 years of education and those with 12 to 16 years of education also significantly differed. Moreover, again among Non-Hispanic Blacks, when distinguishing between MCI and dementia the cutoffs those with 12 years of education and those with 12 to 16 years significantly differed by four points.
Surprisingly, few studies have examined the validity of the educational adjustment; however, studies have examined normative MoCA scores when stratified by education. Rossetti et al. [28] found that overall, the mean MoCA score of their ethnically diverse participants was 24; when stratified by education, the mean MoCA score was 21 among those with ,12 years of education, 23 among those with 12 years of education, and 25 among those with .25 years of education. When they reduced their sample to community-dwelling African Americans alone, they found that the mean MoCA score of their cognitively normal participants was 23 [25] . When stratified by education, the mean MoCA score decreased to 20 among those with ,12 years of education, 22 among those with 12 years of education, and 24 among those with .25 years of education. Together, our findings suggest that the one-point educational adjustment is not enough given differences in educational attainment. Additional support comes from Malek-Ahmadi et al. [35] who found that younger and more educated individuals performed better on the MoCA than their counterparts. However, their study differs because it only included non-Hispanic Whites [35] .
Racial/ethnic differences observed in the performance of the MoCA suggest that the current cutoff is not appropriate for use among minority groups, particularly among non-Hispanic Blacks. Given that the nonHispanic Blacks included in these analyses are mostly cognitively normal, future research is needed to identify the source of variability in MoCA performance by race/ ethnicity.
Limitations
Some limitations should be considered when interpreting the results of these analyses. Subjects in the NACC database may not represent the United States population, because they are referral-based or volunteer-based participants and tend to be more educated than the general public. Moreover, normal cognition control subjects in ADC samples tend to be highly educated and not representative of the United States population. The potential for selection bias must also be considered; some ADCs require that participants to consent to autopsy before their baseline visit, thus excluding individuals who may not agree to autopsy [36] . This may have resulted in more homogeneity in the sample than expected regardless of race/ethnic differences. There is also potential bias because of the timing of the MoCA; the MoCA is administered before clinician evaluation and may influence clinicians to agree with the MoCA score. This would artificially increase sensitivity and specificity of our calculated MoCA cutoff scores. Nevertheless, clinicians normally see screening results and neurologic testing results when making their diagnosis. In addition, the number of non-Hispanic Black and Hispanic individuals in the NACC database is relatively small compared with White participants. Our distribution of Hispanics is sparse ( Supplementary Figs. S1 and S2) potentially underpowering our analysis. This is reflected in the large confidence intervals calculated for our Hispanic group. However, our findings are still novel because many other data sets almost solely focus on Whites. The inclusion of multiple race/ethnicities in the NACC data is unique, especially because data are collected from subjects whose ages fall in a wide age range from ,40 to .90 years. Although previous work has found that literacy is a better predictor of cognitive decline [17] , our data only captures education. Future work to address the effect of literacy on MoCA scores is warranted. NACC should consider adding a literacy level to the NACC required data capture.
Conclusions
Racial/ethnic-specific cutoffs may become increasingly important to correctly identify MCI and dementia in minority populations who are at high risk of developing dementia, given the growing diversity of the United States. More accurate cutoffs for the MoCA should be used among minority populations. By stratifying by race/ethnicity and education level before applying a cutoff value for the MoCA score, we can correctly identify individuals in need of more indepth screening. Given the importance of early detection and diagnosis of dementia, these new cutoffs might aid health care professionals in early diagnosis and treatment of MCI and dementia.
